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Abstract

Shrinkageofjuvenile andmaturewood wasmea-
suredin loblolly pinesfromthreeSouthwidePineSeed
SourceStudyplantings.Thethreeseedsourceswere:
Onslow County,N.C., Livingston Parish,La., andthe
localseedsource.The sampleplantingsiteswere: the
GeorgiaCoastalPlain, theGeorgiaPiedmont,andthe
ArkansasUpperCoastalPlain. Plantationlocationsig-
nificanily affectedlongitudinal shrinkageof juvenile
andmaturewood,butgeographicseedsourcedidnot.

Southernpine plantationsproducewood with a
highproportionofjuvenilewood.Comparedto mature
wood,Juvenilewoodhaslowerspecificgravity,shorter
fibers, highfibril angle,thinner cell walls, lessalpha
cellulose,lower strength,lowerstiffness,greaterlon-
gitudinal shrinkage, and a tendency toward more
reactionwood(compressionwood) (5).

One-thirdof all southernpine standsareplanta-
tions,andplantationsalreadyprovidemorethanhalf
of the softwood timber in somelocations.It is esti-
matedthatby theyear2000thepercentageof planta-
tion-growntreeswill increaseto overtwo-thirdsof the
totalharvest(7). Thestemsof theseplantation-grown
treesare30 to 50 percentjuvenilewood comparedto
10 to 15 percentfor stemsfrom naturalstands.

This study was part of a larger interdisciplinary
studyencompassingmeasuresofsitequality, climate,
andenvironmentalfactorson parameterssuchasrate
of growth, lengthofJuvenlllty, percentlatewood,spe-
cific gravity (SG), bark thickness,form factor of the
stem, and the weight of the crown. Results of a
companionstudyon modulusof elasticityandmodu-
lus of rupturehavebeenpublished(4).

Objective
The objectiveof the study describedhere wasto

determinethe effect of seedsourceandgeographic
locationon the dimensionalstability (primarily longi-
tudinal shrinkage)of juvenile and maturewood of
loblolly pine (Pinus to.eda L.) plantationsestablished
in the SouthwldePineSeedSourceStudy.

Materials and procedures

Studymaterialwastaken from threeplantations
establishedunder the SouthwidePine SeedSource
Study (8). The original objectiveof that studywasto
determinethe inherentgeographicvariation in the
four majorsouthernpine species.The threeplanting
locations includedin this studywere: Dooly County,
Ga. (Atiantic CoastalPlainwith deepsandyloamsoil);
SpaldingCounty, Ga. (Piedmontwith heavyredclay
soil); andClarkCounty,Ark. (UpperCoastalPlainwith
loamysandysoil) (Fig. 1).

Each planting was establishedin a randomized
complete-blockdesign with four replications.Each
replicationof eachseedsourceconsistedof asquare
121-tree-plotwith 72 trees in border rows and 49
periodicallymeasuredinterior trees.Spacingwas6by
6 feet.Survival, height,anddamageby diseasesand
insectswererecordedon eachplot after the 1st, 3rd,
5th, and 10th growing seasons.Diameterat breast
height (d.b.h.) was recordedafter the 10th growing
season.Measurementsandobservationsweremade
at 5-yearintervalsafter the 10thyear.The plotswere
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thinnedat age15 to 70ft.2 ofbasalareaperacre.The
studytreeswereharvestedin 1988.

Thedominantorcodominanttreeswith thelargest,
average,and smallest d.b.h. from the original 49
measurementtreeswereselectedfrom eachplot. The
d.b.h.andcrownclasswererecordedbeforethetrees
werefelled. Stumpheight, height to 7-, 4-, 3-, and
2-inch diameteroutsidebark (d.o.b.) tops, height to
baseof live crown, andtotal heightwererecordedfor
eachtree.

Procedures
Specimensfor measurementof dimensionalstabil-

ity weretakenfroma20- to 30-inch-longstemsection

obtainedfrom arelatively knot-freeareaof the stem
immediately abovebreastheight.This stemsection
was bandsawndown the pith and then sawn into
1-1/4-inch slabs. A nominal 1- by 1- by 12-inch
juvenile wood specimenwas sawn from the slab
adjacentand parallelto the pith. The maturewood
specimenwassawnfrom the sameslab adjacentand
parallelto the bark (Fig. 2). The specimenswereleft
roughsawn.

STEM SECTION AT STUMP

TABLE 1. — Shrinkageand specffic gravity (SG) datafor JuvenileandmaturelabIallypine wood by tocation~

Averagef (standard deviation] shrinkage of green to ovendrled
Location and type ofwood No. oftrees Radial Tangential LongItudInal volumetric 50

1%)
All

JuvenIle 144 3.90 4.68 0.47 7.41 0.40
(1.28) 11.14) (0.301 (3.81] (0.041

Mature 144 5.86 7.56 0.20 8.72 0.52
11.291 (1.25) (0.10) (4.27) (0.04)

Dooly County. Ga.
JuvenIle 48 4.43 4.82 0.42 7.97 0.40

(1.30) (1.01) 10.23) (3.63) (0.04)
Mature 48 6.86 8.30 0.19 10.95 0.56

(1.05) 11.33) 10.05] 13.44) (0.04)
Spaldlng County. Ga.

JuvenIle 48 3.59 4.33 0.57 7.38 0.40
(1.44) 11.35) (0.38) (3.93) (0.04)

Mature 48 5.09 6.91 0.26 8.96 0.51
(1.09) 11.06) (0.12) (5.16) (0.04)

Clark County, Ark.
JuvenIle 48 3.68 4.88 0.42 6.88 0.40

(0.92) 10.95) 10.26) (3.87) (0.03)
Mature 48 5.64 7.47 0.16 6.27 0.51

(1.03) (0.95) (0.09) (2.44) (0.03)

Figure1.— Locationof studysites.

MATURE

JUVENILE

Figure2.— Location of dimensionalstability specimensin the
treestem.
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TABLE 2. — Analysis of variance for radial (RAD). tangential (TAN). longtudinal WON). and volumetric shrinkage WOL), and spec(Fic gravity (50)
assuming location and seed source ore fixed effects (F-values).

Estimated
error Degrees
mean of

Source square freedom RAD

JuvenIle wood Mature wood
shrinkage

5G

shrinkage

SGTAN LOS VOL RAD TAN LOS VOL

Location (LI BILl 2 2.17
Block(Loc) B(L) B45(L) 8 1.87

2.04
2.80’

5.67*~
0.71

0.64
0.63

303
0.56 946,,b

2.38

17.01” 9.50”
0.58 1.64

6.67”
1.66

10.40”
1.09

Seedsource(S) B+S(L) 2 0.40
D’S B”5(L) 4 2.46

0.16
4.99”

0.41
1.33

1.32
0.68

2.41
0.49

1.59
1.08

1.46 3.54
0.68 0.97

0.73
1.06

1.66
0.99

Block’5(L) Error 16 0.77 0.73 1.37 1.56 2.08’ 1.17 1.13 0.76 0.99 1.20
Error 75

‘‘— Slgnlflcant at the 0.05level ofprobabIlIty.
- Slgnlflcant at the 0.01 level of probabIlIty.

Testing

The greendimensionalstability specimenswere
markedfora 10-Inchspanon thepithandbarksides,
and shallow 1 /8-inch-diameterholeswere drilled at
themarks.Theactualdistancebetweentheholeswas
measuredwitha linearcomparator(3). Thismeasure-
ment andthe midpoint radial and tangentialdimen-
sionsof eachspecimenwererecordedto the nearest
0.001 inch.The specimenweight to thenearest0.1 g
wasalsorecorded.

The specimenswere then brought to constant
weight in a controlledenvironmentwith 12 percent
equilibrium moisture content.The dimensionsand
weight for eachspecimenwereagain recorded.The
sampleswerethen ovendriedand themeasurements
andweightsagainrecorded.Radial,tangential,longi-
tudinal,andvolumetricshrinkageaswell asmoisture
Contentand SGwere calculatedand the results ex-
portedto aPC-SAS(6) dataset for statisticalanalysis
usingthe GLM procedure.

Resultsand discussion
As expected,longitudinal shrinkagewasgenerally

higherin juvenilewood thanin maturewood,andSC
waslower (Table 1).

Treesfrom the Dooly County sitehadan average
d.b.h.of 8.5inches,significantlylessthantheaverage
of 11.1 and 11.6 inchesat the Spaldingand Clark
sites, respectively.The Dooly planting had signifi-
cantlyhigherstanddensitythantheSpaldingorClark
plantings.Thisincreasedcompetitionresultedin trees
withsmallerdiametersin theDoolyplanting.However,
we attribute the significantly higher SGsfrom the
Dooly samples primarily to other factors. Dooly
County receivedless spring moisture but the same
summermoistureasSpaldingCountyandmoresum-
mer moisture than Clark County.’ The trees from
Dooly probablyconvertedfrom earlywoodto latewood
productionearlier in thegrowing seasonbut contin-
uedto producelatewoodlongerbecauseof sufficient
suniunermoistureand a longer growing season(1).

linited States Dept. of Commerce, National Weather Serv.
Monthly rainfall data for field weather station nearest study
location.

Thus, the annual rings grown therehad a higher
percentageof latewoodcomparedto the Spaldingor
Clark Countylocations.

The SC of the juvenile wood was quite uniform
amongsites, averaging0.40comparedto 0.52for the
maturewood.The maturewood from the Dooly site
had a significantly higher averageSGthan mature
wood from theotherstudysites.

Results of statistical analysis of differences in
shrinkageand SGof juvenile andmaturewood are
presentedin Table 2. There were no statistically
significant differences in juvenile wood for radial,
tangential,or volumetric shrinkageor in SG due to
studylocationor seedsource.Longitudinalshrinkage
in juvenile woodwassignificantly higher in samples
from the Spalding site. There was no statistically
significantdifferencebetweenthelongitudinalshrink-
ageof the Dooly andClark sites. For maturewood,
location was a statistically significant factor for all
studyvariables.The Dooly sitehad higherSG and
higherradialandtangentialshrinkagethanthe Spal-
dingor Clarksites.Longitudinalshrinkagein mature
woodaveragedaboutone-thirdofthat injuvenile wood.

Onefactorthatreducesthe utility ofjuvenilewood
in pine is its tendencytowardexcessivelongitudinal
shrinkage.Not all juvenilewood shrinksexcessively.
Longitudinalshrinkageiscloselyassociatedwith fibril
angle, which is difficult andtime consumingto mea-
sure. We werenot able to find any easilymeasured
propertyrelatedto longitudinalshrinkage.Someofthe
juvenilewoodsamplesin thisstudyactuallyincreased
In length after drying. This phenomenonhas been
observedIn otherstudies (2) andmay be related to
growth stresses.

Summary and conclusions
Planting location was a statistically significant

factor in the longitudinalshrinkageofjuvenilewood.
For maturewood, location wasa statisticallysignifi-
cant factor for radial, tangential, longitudinal, and
volumetric shrinkageaswell asSG. Geographicseed
source was not a factor in dimensionalstability of
eitherjuvenileor maturewood.

Juvenile wood was quite different than mature
woodin dimensionalstabilityparalleltothegrain.Not
all juvenilewoodshowsexcessivelongitudinalshrink-
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age.Thereappearsto beno easilymeasuredphysical
property that is well correlated with longitudinal
shrinkageof eitherjuvenile ormaturewood.
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